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A considerable body of evidence supports the hypothesis that the occurrence 
of rheumatic  fever is  related  to antecedent  group A  hemolytic  streptococcal 
infection  (1-7),  but  despite  numerous  clinical,  anatomical,  and  experimental 
studies dealing with this relationship  (8-15), its exact nature remains unclear. 
Cardiac  lesions  resembling  those  of  human  rheumatic  fever  have  been  pro- 
duced  experimentally  following  non-respiratory  streptococcal  infections, 
usually of the skin  (13,  15). The incidence of the rheumatic-like lesions, how- 
ever, has been low. 
In  man,  streptococcal  infections  characteristically  involve  the  pharynx 
(1,  16-18),  and  fragmentary  evidence  suggests  that  the  site  of the  infection 
may bear  a  relationship  to  the  genesis  of rheumatic  fever  (16,  19).  In order 
to  duplicate  as  closely as  possible  the  conditions  which  characterize  the  oc- 
currence  of rheumatic  fever in man, a  method  has been devised  of producing 
experimental  streptococcal  pharyngitis  in  rabbits  (20).  The  present  report 
deals  with  the  incidence  and pathogenesis  of the  cardiac  lesions encountered 
following the pharyngeal infections: 
Methods 
Animals.--New Zealand  rabbits,  supplied  by a  single breeder,  were used. The animals 
weighed from 2 to 5 kg. and were free of demonstrable infection. They were fed a diet of Purina 
rabbit pellets and were given water ad libilum. 
Organisms.--The following strains  of group A streptococci were used in the various  ex- 
periments  to be described: 1GL23 (type 17), $23 Burbank (type 14) and C203 (type 3), all 
obtained  from Drs.  Maclyn MeCarty and  Rebecca Lancefield, The Rockefeller Institute; 
* Supported by a grant from the Life Insurance Medical Research Fund. 
:~ Jackson-Johnson  Student  Research Fellow when this work was done. 
1A preliminary  report  of this work was presented  before the 47th annual  meeting of the 
American Society for Clinical investigation  (21), and has been reported  elsewhere (22). 
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41439  (type 3), isolated at the Streptococcal Disease Laboratory, Warren Air Force Base, 
Wyoming, and supplied by Dr. Alton J.  Morris; and AF-1  (type  13),  isolated in the Bac- 
teriology Laboratory of the Barnes Hospital, St. Louis.  * 
For purposes of storage, the organisms were grown overnight in beef infusion broth con- 
taining 10 per cent sheep serum and 0.05 per cent dextrose  (BIB-SD), and the culture was 
centrifuged. The supernate was removed, the bacteria were resuspended in small amounts of 
fresh medium, and aliquots of this concentrate were  stored  at  -72°C.  Each inoculum was 
prepared by growing the given strain for 16 hours in BIB-SD, after which 0.5 ml. was trans- 
ferred to 5.0 ml. of fresh medium and incubated for 4 hours.  10-fold  dilutions were made in 
tryptose phosphate broth and blood agar plates were poured with 1.0 ml. portions of the 10  4, 
10  -'~, and 10  -s dilutions. The standard inoculum contained from 2 to 9  X  106 chains. 
All of the streptococci employed were virulent for mice, and were passed frequently in 
order to maintain this state. No attempt was made to quautitate their virulence for rabbits, 
although it was observed in earlier experiments that large inocula of these strains, when in- 
jected intravenously, killed the majority of the animals (23). 
Pharyngeal  Infections.--The technique employed was as described in detail elsewhere (22), 
except for a  few simple modifications. As before, the animals were given 1.0  ml. of pento- 
barbital sodium per 2.5 kg. body weight intraperitoneally, but the use of a more effective head 
restraint simplified inoculation and eliminated the need for supplemental  ether  anesthesia. 
The jaws were held open with a self-retaining retractor, and the tongue was grasped with a 
clamp. By means of a metal tongue depressor fitted with a light source, the tonsillar areas were 
visualized, and the inoculum was  introduced  into each  through a  No.  22 lumbar puncture 
needle attached to a  1.0 ml. tuberculin syringe. 
Intradermal Infections.--An area over the back was shaved and 0.2 ml. of a 10  -a dilution of 
IGL23, containing 7 )<  106 chains, was injected intradermally into each of 12 rabbits. Eight 
were sacrificed 3 days and the remainder 7 days after infection. 
Postinfection Studies.--Blood  for culture was obtained aseptically, in amounts of 0.5 to 
1.0 ml., from marginal ear veins at frequent intervals following inoculation, and at the time 
of sacrifice.  The blood was added to tryptose phosphate broth and was incubated at 37°C. 
for 24 hours. 
In those experiments in which rabbits were observed after infection for relatively prolonged 
periods, blood was also drawn at various intervals for antistreptolysin O (ASO) and erythro- 
cyte sedimentation rate (ESR) determinations. For the former test the method of Rantz and 
Randall was used  (24), and for the latter the Wintrobe and Landsherg technique was em- 
ployed (25). 
Control Studies.--Three sets of control animals were included as follows:-- 
(a)  Sham controls: This group was made up of 12 rabbits, subjected to the identical experi- 
mental procedure outlined previously for pharyngeal inoculations, except that sterile broth, 
rather than streptococcal culture, was injected into the pharynx. Eight of the rabbits were 
sacrificed after one such inoculation, whereas four were injected three times prior to sacrifice. 
(b)  Comparative  controls: Included in this group were 43 rabbits used for unrelated acute 
experiments in the Department of Pathology; in most instances the animals died after the 
intravenous injection of sterile plastic beads. None was given bacteria or bacterial products. 
(c)  Pneumococcal  controls: In seven rabbits an inoculum of virulent type III pneumococci, 
containing the same number of organisms as was employed in the streptococcal experiments, 
was injected intrapharyngeally. These animals were sacrificed  72  hours after induction of 
infection. 
Facilities for the grouping and typing of streptococci, and for other serologic studies are 
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Anatomic Studies.--At the conclusion of the period of observation, the surviving rabbits 
were sacrificed by injection of air or of pentobarbital sodium into the marginal ear veins. 
Autopsies were  done  promptly. The abdominal, thoracic, and neck  structures were in- 
spected in the gross, and representative portions of the atria, ventricles, valves, and ascending 
aorta were taken for microscopic examination. The blocks were fixed in 10 per cent Zenker- 
formalin and microsections were stained with hematoxylin and eosin. Selected microsections 
of heart and aorta were also stained with Masson's trichrome, oil red O, phosphotnngstic acid- 
hematoxylin, periodic acid-Schiff, Giemsa,  and  Goodpasture's bacterial stains,  and  yon 
Kossa's calcium stain according to standard techniques  (26), and with a modified preparation  s 
(aldehyde fuchsia-Van Giesen-Weigert's hematoxylin) for connective  and elastic tissue.  In 
many instances blocks of tissue, measuring approximately 0.5 X 0.5 X 0.3 cm., were removed 
aseptically  from the hearts of rabbits infected intrapharyngeally with streptococci.  The tissue 
was ground in a sterile mortar with sand, tryptose phosphate broth was added, and aliquots of 
the resulting suspension were incubated at 37°C. for 48 hours. 
RESULTS 
Effect of Single Infections of the Pharynx with Streptococci 
In order to determine whether one infection in the pharyngeal tissues with group A strepto- 
cocci induced changes in the heart, a total of 61 rabbits was infected, in a series of experiments, 
with an average of 7 X  106 chains of IGL23, and sacrificed at varying intervals from 1 hour 
to 3 weeks later. 
Clinical and Laboratory Findings.--Within 8  to 10 hours after infection, the 
animals  exhibited  lethargy,  erythema  of  the  ears,  and  ruffling  of  the  fur. 
Concomitantly temperature  elevations of  1.5  to  2.0°C.  occurred;  these  signs 
subsided  within  2  days.  Bacteriemia,  when  it  occurred,  was  transient,  and 
all blood cultures, taken from each animal  at the time of autopsy, were nega- 
tive.  No  spontaneous  deaths  were  recorded,  and  antimicrobial  therapy  was 
not given. 
Gross Anatomic  Findings.--Careful  examinations  were  made  of  the  oro- 
pharynx and of the pleural and abdominal cavities of each animal sacrificed. 
Commonly,  peri- and  retrotonsillar abscesses were  noted  within 48  hours  of 
inoculation, and some persisted for as long as 2  to 3  weeks. No spread to the 
adjacent tissues or to the mediastinum occurred.  The  cardiovascular system, 
lungs,  and  abdominal  viscera  were  normal  in  the  gross,  and  no  metastatic 
abscesses were encountered. 
ttistopathologic  Observations.--Of  the  entire  group  of 61  animals subjected 
to a  single streptococcal pharyngeal infection 1 hour  to 21  days prior to sac- 
rifice,  36  (59  per  cent)  had  myocardial lesions  characterized by  necrosis  of 
myofibers, and a  non-granulocytic inflammatory cell reaction in the absence of 
bacteria.  When,  however,  the  occurrence  of  lesions  was  calculated  for  the 
period from  2  to  14 days after inoculation, positive results were  observed in 
82  per  cent  of  the  animals.  The  incidence  of  pathologic  changes  at  given 
* Developed by Mr. Vernon Fischer, Chief Technician, Department of Pathology, Washing- 
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intervals after inoculation is shown in Table I. The necrotic areas were usu- 
ally focal, involving only a  single  branch  of a  myofiber, but occasionally a 
larger portion of muscle was affected. The ventricular muscle was most com- 
monly involved, but in some instances foci of necrosis were found in the atrial 
myocardium.  Occasional  myocardial  lesions  extended  to  the adjacent  ven- 
tricuiar  endocardium  or  epicardium,  but  changes  in  the  endocardium  and 
epicardium  were  not  seen  in  the  absence  of  myocardial  damage.  Valvular 
lesions were not  encountered. The foci of myofiber necrosis appeared  to be 
distributed at random through the myocardium. They bore no constant rela- 
tionship to blood vessels (Figs.  5 and 6); some did extend to the adventitia 
TABLE I 
Incidence of Myocardial  £e,  dons in Rabbits  at  Various Intervals after  a Single  Streptococcal 
Pharyngeal Infection 
No. of rabbits  Time after infection 
1 hr. 
6 hrs. 
12 hrs. 
24 hrs. 
48 hrs. 
72 hrs. 
7 days 
14 days 
21 days 
No. with myocardial 
50 
75 
9  10G 
7  78 
6  75 
2  33j 
lesions  Incidence 
~er ¢t~tt 
o~ 0 
43 
85 
57 
but never to the media or intima of vessels. The number of lesions varied con- 
siderably from animal to animal. Thus in some literally hundreds of individual 
foci were found in the myocardium, whereas in others only one or two abnor- 
mal areas were observed. 
As already indicated above and in Table I, incidence of recognizable foci of 
necrosis varied with the time that had elapsed since intrapharyngeal inocula- 
tion with streptococci. Myocardial necrosis was infrequent in animals killed 
24  hours  or less  after induction  of infection, but  was  noted  in  all  animals 
killed 72  hours after the streptococci were introduced into  the pharynx.  In 
animals sacrificed 1 week after inoculation the lesions were less apparent but 
still impressive; however, by the end of 2 weeks they were difficult to find. 
The pathogenesis of the lesions encountered was studied by examining the 
hearts  of animals  killed at  successive intervals after pharyngeal inoculation 
with streptococci. The earliest change in the myofiber in most instances was 
lyric necrosis of the sarcoplasm with collapse of the sarcolemmic sheath and 
the  surrounding  endomysium  (Fig.  1).  Simultaneously,  inflammatory  ceils. GLASER,  THOMAS, MORSE,  AND  DARNELL  177 
consisting largely of histiocytes and Anitschkow myocytes, appeared  in  the 
surrounding tissue  (Figs.  1 to 4); granulocytes were seldom seen. It is likely 
that  some of the  inflammatory cells came by way of the  blood stream but 
others resulted from proliferation at the site as indicated by the presence of 
mitotic  figures  (Fig.  4).  Proliferating  muscle  nuclei  were  not  seen.  Frozen 
sections of hearts, stained with oil red O, showed fine droplets of fat in occa- 
sional myofibers which otherwise appeared normal. 
One week after pharyngeal inoculation, fibroblasts and collagen were present 
in the foci of necrosis. The necrotic areas were rapidly replaced by connective 
tissue and 2 weeks after induction of infection, they had blended so well with 
the  normal  connective tissue  framework  of  the  heart  that  they were  more 
difficult to identify. No correlation was found between the extent and dura- 
tion of the pharyngeal infection and the changes in the myocardium. 
Careful search of suitably stained  sections for viral inclusion bodies,  bac- 
teria, and parasites was made but none was found. Cultures of ground myo- 
cardial  tissue  were  likewise  negative  for  microorganisms.  Calcium  was  not 
encountered in  any lesions nor were multinucleated  giant  cells encountered 
in animals that had had only a  single pharyngeal infection. 
Effect of Single Intradermal Infections with Streptococci 
Within 48 hours lesions with an average diameter of 0.5 cm. were apparent 
at the site of inoculation. The affected areas were round, raised, erythematous, 
and  sharply  demarcated;  in  most  instances  tiny central  abscesses  were  ap- 
parent.  The lesions gradually enlarged so that  at 4  days they measured 2.0 
cm.  in  diameter and  had  necrotic centers.  In  the  four animals  sacrificed  7 
days  after  inoculation  of  streptococci, almost  all  of  the  involved area  was 
necrotic and in a  few instances extended to the underlying muscle.  Despite 
the  severe inflammatory changes locally, however, the  animals exhibited no 
signs of systemic illness. 
Gross Anatomic  Findings.--Except for the changes in the skin already de- 
scribed, no gross abnormalities were found at  the time of autopsy.  Strepto- 
cocci were recovered from each lesion, but only one animal had bacteriemia. 
Itistopathologic Findings.--The  microscopic findings in  the skin were typi- 
cal of those which characterize acute pyogenic infections. The epidermis was 
ulcerated, and edema and a  heavy granulocytic infiltration were observed in 
the  dermis and underlying muscle.  Bacterial stains revealed the presence of 
large numbers of Gram-positive cocci in chains. 
In the hearts of two of the eight animals sacrificed 72 hours after infection, 
myocardial lesions,  indistinguishable  from those observed at  the same inter- 
val  after streptococcal pharyngeal  inoculation,  were  noted.  Similar  changes 
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after initiation of the intradermal infection. These results are summarized in 
Table II. 
Effect  of Repeated Pharyngeal  Infections  with Streptococci 
In order to determine the effect on the heart of multiple pharyngeal infections with strepto- 
cocci, six rabbits were subjected to from four to six infections at varying intervals, and were 
sacrificed  4 to 5 weeks after the last infection. 
Clinical and Laboratory Findings.--The usual objective responses to pharyn- 
geal  infection  described  earlier  occurred  after  each  inoculation.  Significant 
elevations  of antistreptolysin-O  titer  (ASO)  were  recorded for  each  rabbit, 
but a rise in titer did not occur after each infection. The erythrocyte sedimen- 
tation rate (ESR) was not determined regularly, but was elevated on a num- 
ber of occasions. One rabbit  (No. 41)  developed signs of lymphadenitis in a 
submandibular node, and 3 weeks later exhibited an abnormal gait, favoring 
TABLE  II 
lncldence of Myocardial Lesions in Rabbits  at Two Inter~als After a Single Streptococcal Skin 
Infection 
No. of rabbits  Time after infection  No. with myocardlsl  Incidence  lesions 
days  per cen~ 
8  3  2  25 
4  7  1  25 
the  left hind leg.  Concomitantly, although  the  sedimentation  rate  was  ele- 
vated  and  a  blood  culture  negative,  no  objective  changes  about  the  joint 
were apparent. Pertinent data regarding the course in these rabbits are sum- 
marized in Table III. 
Gross Anatomic Changes.--All the organs, including the heart, appeared nor- 
mal in the gross. 
Histopathologic. Observations.--Cardiac  lesions were found in five of the six 
animals in the group. Most of these lesions were similar to those seen in ani- 
mals sacrificed 2 weeks or more after a  single infection. Damaged muscle had 
completely disappeared  and  was  replaced  by  collagen  (Figs.  6  and  7).  In- 
flammatory cells were present  and consisted largely of histiocytes, lympho- 
cytes, and Anitschkow myocytes. Occasional lesions contained multinucleated 
giant cells with four or five large vesicular nuclei and a  moderate amount of 
basophilic  cytoplasm  (Figs.  8  and  9).  A  few small loci of calcification were 
found in  the  myocardial lesions of one rabbit.  Giant  cells and  calcification 
were  the  only features in  the repetitively infected series that  had not been 
noted in animals infected only once. TABLE III 
Pertinent  Data  Regarding Rabbits Subjected to  Multiple  Streptococcal Pharyngeal  Infections 
Rabbit 
No. 
33 
37 
39 
40 
41 
42 
Streptococcal 
strain 
1GL23 
$23 Burbank 
1GL23 
41439 
1GL23 
$23 Burbank 
1GL23 
1GL23 
$23 Burbank 
1GL23 
41439 
C203 
AF1 
1GL23 
$23 Burbank 
1GL23 
41439 
C203 
AF1 
10/26/53  1GL23 
11/30/53  $23 Burbank 
1/  9/54  1GL23 
2/25/54  41439 
4/13/54  C203 
5/22/54  AFI 
*6/23/.54 
11/  9/53  1GL23 
12/20/53]  $23 Burbank 
4/13/541  C203 
5/22/541  AF1 
*6/23/54 
Psthologlc results 
Fibrosis  and  myo- 
carditis 
No carditis 
Fibrosis  and  myo- 
carditis 
Fibrosis  and  myo- 
carditis 
Animal  developed 
submandibular 
lymph-node  en- 
largement  and 
favored left hind 
leg  after  third 
infection 
Fibrosis  and  myo- 
carditis 
Fibrosis  and  myo- 
carditis 
* indicates date of sacrifice. 
+  indicates positive result, 
0 indicates negative result. 
--  indicates no observation. 
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Attempt  to Demonstrate Acute  and Healed  Myocardial Lesions in Repetitively 
Infected Animals 
Although five of the six animals (described above) infected repetitively and 
sacrificed 4  to 5  weeks after the last inoculation had striking myocardial le- 
sions,  none of them exhibited early myofiber necrosis or dense mononuclear 
cellular infiltration of a  degree comparable to that seen in the animals sacri- 
ficed within 3 days of inoculation. 
Therefore,  each of six animals was infected intrapharyngeally at 3 week intervals with strains 
1GL23, $23 Burbank, and C203, and sacrificed  3 days after the last infection  in order to com- 
pare the lesions  resulting under these circumstances  with those observed  in the previous group 
of repetitively infected rabbits. 
The usual clinical responses were observed after the first two inoculations, 
but because strain  C203  was  somewhat  less virulent  than it  had  been pre- 
viously the  third  infection was  not  characterized by signs  as  impressive as 
those usually seen. 
Gross Anatomic Changes.--As before, all the organs appeared normal. 
Histopathologic Obsemations.--Four of the six animals had cardiac changes 
qualitatively similar  to  those  in  the  singly  infected animals.  In  one rabbit 
all lesions contained considerable collagen, indicating that they were of rela- 
tively long  duration.  Another  rabbit  had  only  myofiber necrosis,  without 
appreciable fibrosis, changes presumed to have resulted from the last pharyn- 
geal infection 3  days prior to sacrifice. Two of the animals had some lesions 
that  contained  considerable  collagen  and  others  that  showed  only  active 
necrosis  without  collagen,  findings  suggesting  that  myocardial  alterations 
had resulted from the earlier as well as from the last infection. 
Control Studies 
As indicated in a  previous section, three sets of control animals,  compris- 
ing an over-all total of 62 rabbits, were included in the present study. 
Gross Anatomic Changes.--At the time of sacrifice none of the animals had 
any demonstrable abnormalities. 
Histopathologic  Obsemations.--Microscopic  sections  of  the  hearts  of  the 
rabbits  subjected  to single  or multiple  inoculation with  sterile broth  (sham 
controls) and of those infected with type III  pneumococci were  entirely free 
of myocardial lesions such as characterized the hearts of the animals  inocu- 
lated with  streptococci. Similarly, in  the  comparative control rabbits,  myo- 
cardial necrosis was not seen in the hearts of 42 of the 43 rabbits comprising 
this group. In one animal a single small area of fibrous replacement of muscle 
was  observed. The findings in the  three groups of control animals are  sum- 
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It should be noted that small foci of lymphocytes and monocytes, without 
associated  muscle  necrosis,  as  have  been  described  by  other  investigators 
(27, 28), were seen in most of the hearts from all the animals studied. 
TABLE IV 
Incidence in  Control Rabbits of Myocardial Lesions  Comparable to  Those Developing after 
Streptococcal Infections 
Series  No. of rabbits  Positive  Negative 
Sham controls 
Single ................................... 
Multiple  ................................. 
Comparative controls  ....................... 
Pneumococcal controls  ...................... 
8 
4 
43 
7 
8 
4 
42 
7 
Total ....................................  62  1  61 
DISCUSSION 
The studies herein reported, like a number published previously from these 
and other laboratories (13-15), were designed to assay the effects of group A 
streptococcal infections on the hearts of rabbits. In one major regard, however, 
the present experiments differ from earlier ones in that  they afford a  means 
of evaluating the role of pharyngeal infections on the heart,  thus simulating 
more  closely than  any  antecedent  work  conditions  which  characterize  the 
developmental sequence of rheumatic fever in man. 
The data presented demonstrate clearly that  in  rabbits  pharyngeal infec- 
tions with given strains of group A  streptococci are associated in almost all 
instances  with  some  measure  of  myocardial  damage.  Rabbits  so  infected 
exhibit  signs  characteristic  of  bacterial  infections,  namely,  lethargy,  fever, 
redness  of  the  ears,  and  ruffling of  the  fur.  Although  bacteriemia  appears 
transiently  in  some,  recovery  occurs  without  antimicrobial  therapy.  The 
pathologic alterations in the myocardium begin to be manifest within 24 hours 
of infection, reach their maximum extent about 72 hours after inoculation, and 
heal to a greater or lesser extent in the following 2 to 3 weeks. 
In  the pharynx of most  of the  animals  acute inflammatory changes  with 
polymorphonuclear leucocytic infiltration, edema and often abscess formation 
are demonstrable in the period following induction of infection. Bacteria can 
usually be visualized in appropriately stained  sections. In  contrast,  the  car- 
diac lesions differ from those in  the pharynx in  two principal ways:  (a)  the 
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bacteria  cannot  be  demonstrated,  either  histologically or by  cultural  tech- 
niques, in the myocardium. 
It seems proper  to  attribute  the  cardiac damage  to a  substance,  or sub- 
stances, arising in the pharynx. Whether this hypothetical agent is of strep- 
tococcal or pharyngeal origin, or a  combination of both, is unknown. It may 
well be  of enzymatic origin since  lesions bearing  a  definite resemblance  to 
those encountered in  the  present study were  described recently by Kellner 
and Robertson following the injection of streptococcal proteinase (29) as well 
as  other proteolytic enzymes  (30).  Examination of some of their histologic 
sections  ~ suggests that granulocytic infiltration and calcium deposition occur 
much more  commonly in  rabbits  exposed  to  intravenous enzyme injections 
than in those subjected to streptococcal pharyngeal infections; otherwise the 
changes observed have many similarities. It may be that the histologic differ- 
ences noted reflect the size of the dose of the toxic substance employed, or the 
nature of the exposure of the myocardium to it. Experiments now in progress 
are  designed  to  explore  the  relationship  between  the  two  lesions,  and  will 
form the basis of a  subsequent paper (31). 
Similarities  between  the  lesions  resulting  from  streptococcal  pharyngeal 
infection and those described by Rich and Gregory (32,  33)  and others  (34, 
35)  following the intravenous injection of horse serum are apparent.  In the 
latter, however, vascular involvement is a  much more prominent feature. It 
seems  clear  that  the  myocardial changes which  result  after foreign protein 
injection  arise  on  the  basis  of  antigen-antibody combination  (36,  37);  by 
contrast, in our rabbits, there had been no prior exposure to group A strep- 
tococci. Natural infection in this species  with group A strains does not occur 
(38),  and all preinfection titers of antistreptolysin-O were negative.  Hence, 
the very early appearance  of pathologic alterations renders an immunologic 
mechanism, at least  of a  known order, an unlikely explanation of the phe- 
nomenon. 
Worthy of emphasis is the fact that bacteria  are not associated with the 
lesions in the heart. This fact is substantiated both by histologic studies and, 
more importantly, by the absence of bacteria in cultures of the myocardium. 
It  is pertinent in this regard that the presence  of streptococci in  the myo- 
cardium  produces  a  marked  granulocytic response  (39,  40),  identical with 
that associated with direct invasion by these organisms of other tissues; e.g., 
the pharynx. 
The difference in incidence of lesions produced by streptococcal pharyngeal 
infection and in that of those occurring subsequent to intradermal infection 
with the same organism is impressive. Thus the introduction of streptococci 
into the pharynx is identified with a much higher incidence of cardiac damage 
4 The authors are indebted to Dr. Aaron Kellner for his kindness and cooperation in mak- 
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than is the case when the skin is inoculated; this difference is not a  function 
of the severity of infection for in most instances the skin infection was the 
more extensive. The character of the histopathologic changes in the heart was 
independent  of  the  site  of inoculation. Whether  the  foregoing observations 
support  the concept that the pharyngeal tissues are peculiarly suited, when 
invaded by group  A  streptococci,  to  elaborate  the  substance  or  substances 
responsible for the myocardial necrosis remains to be seen. The results in the 
intradermal group, however, are consistent with the low incidence of cardiac 
changes reported by Murphy and Swift in their study of repeated skin infec- 
tions (13). 
The changes associated with repetitive pharyngeal infections are of interest 
in several respects. First, multinucleated giant cells, never seen in the hearts of 
the  rabbits  subjected  to  a  single  streptococcal  infection, were  found after 
repetitive  exposure  to  the  organisms.  Second,  after  repeated  infections, re- 
placement  of  damaged  muscle  and  resultant  fibrosis  were  characteristic. 
Third, in some animals sacrificed 3 days after induction of the last in a  series 
of streptococcal infections, acute changes of the myocardium, superimposed 
on more chronic ones, were demonstrable. Because in some animals subjected 
to multiple infections the degree of fibrosis was marked, it is thought that 
rabbits  exposed  to  many infections over  a  period  of months might  indeed 
develop cardiac insufficiency as a  result of extensive damage. This possibility 
is now being put to experimental test (41). 
The lack of occurrence of two non-suppurative complications which are not 
uncommon  after  streptococcal  infection  in  man--nephritis  and  arthritis-- 
should be  mentioned.  None  of  the  animals  in  the  present  study exhibited 
renal lesions, either in the gross or microscopically. Since Rammelkamp has 
shown that certain strains of group A streptococci are especially nephritogenic, 
particularly those belonging to type 12 (42, 43), it may be that the failure to 
encounter  nephritis  reflects  the  lack  of  the  nephritogenic  property  in  the 
strains employed. Studies now in progress are directed toward the elucidation 
of the effect on the kidney of known nephritogenic strains, when inoculated 
intrapharyngeally in rabbits  (41).  One animal in the multiply infected series 
(Table III) favored its left hind leg for a  number of days after the third in- 
fection, but recovered uneventfully. Although suppurative arthritis following 
streptococcal  infections in  animals has  been  recorded  frequently (44),  non- 
suppurative arthritis is apparently unknown under such conditions. 
It is proper to consider the relationship between the lesions described in the 
present  study and  those  occurring in  man after streptococcal  infections of 
various types. Focal myocarditis associated with streptococcal septicemia, as 
for example, in acute bacterial endocarditis, was not uncommon in man prior 
to the introduction of potent antimicrobial agents (39).  Such lesions, however, 
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from the myocardial changes that follow streptococcal pharyngeal infections 
in rabbits. 
A greater similarity exists between the lesions described in this study and 
those associated in man with scarlet fever and non-scarlatinal streptococcal 
pharyngitis (45).  In both instances the incidence of myocarditis is high, and 
comparable cell types characterize the inflammatory response, but in man the 
lesions predominately involve  the  connective tissue whereas in  rabbits,  the 
myocardium per se is primarily affected. Nonetheless, the similarities are pro- 
nounced and there is sufficient overlapping to render some of the lesions in the 
two species indistinguishable. There thus arises the possibility that the differ- 
ences are explicable on the basis of species  difference in the response  to an 
identical stimulus. 
Since the primary purpose of our experiments was directed to the problem 
of the relation of group A  streptococcal infections to rheumatic fever,  it is 
essential to consider this point in the light of the experimental results herein 
described. Whereas a relatively small number of patients who contract strep- 
tococcal pharyngitis subsequently develop clinically recognizable acute rheu- 
matic fever  (43),  most of our animals showed carditis after experimentally 
induced  pharyngitis.  It  should  be  pointed  out,  however,  that  a  distinctly 
larger percentage of patients exhibit what have been termed non-suppurative 
sequelae of streptococcal infection (46, 47).  Though these individuals cannot 
be proved to have rheumatic fever they exhibit many features of the syndrome, 
and it is conceivable that they have carditis that is not detectable by usual 
diagnostic facilities. 
All  the pathologic changes described  in  the  hearts  of rabbits  exposed  to 
single or multiple pharyngeal infections with streptococci have been observed 
in the hearts of patients succumbing to acute rheumatic fever. Thus myofiber 
necrosis, cellular infiltration with Anitschkow myocytes and histiocytes, and 
the presence of bizarre multinucleated giant cells are characteristic features of 
the lesion of acute rheumatic carditis. However, other features of the human 
lesion were not noted in our animals. Whereas a  number of rabbits exhibited 
lesions closely resembling Aschoff bodies, no one of them in itself satisfied all 
of the criteria which we believe to be necessary. Likewise, true fibrinoid change 
was not observed. Furthermore, in rheumatic carditis in man involvement of 
the connective tissue usually overshadows that of the myocardium, whereas 
in our rabbits, the reverse is true. 
The evidence at hand supports the concept that rheumatic fever is a  dis- 
ease of altered reactivity (48), and as already indicated, it seems most unlikely 
that the lesions described in this study arose on that basis. In this connection, 
however, it is of interest that recent studies have pointed to the importance 
of persistence of the streptococcus in the throat as a  requisite in the patho- 
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belief that rheumatic fever is a disease state in which the patient is allergic or 
possesses altered reactivity to some product or products of the streptococcus, 
persisting in the absence of the organism. Furthermore, evidence exists that 
group A streptococci can be recovered from excised tonsils in a higher percent- 
age of rheumatic individuals than from people without a history suggestive of 
rheumatic fever (50),  a  fact which perhaps lends some support to the thesis 
that  a  direct  mechanism may be  involved in  the  production of rheumatic 
carditis. 
A number of factors such as species differences, variation in time between 
infections and variation in streptococcal strains may be of importance in ex- 
plairdng the apparent dissimilarities outlined above. On the other hand, the 
myocardial lesions occurring in rabbits  after streptococcal pharyngeal infec- 
tions may bear no significant relationship to those of rheumatic carditis. It is 
hoped that the investigative studies now in progress will shed further light 
on this problem. 
SUMMARy 
Rabbits subjected to single pharyngeal infections with group A streptococci 
developed cardiac lesions characterized by myofiber necrosis and a non-granu- 
locytic cellular reaction with histiocytes, lymphocytes, and Anitschkow myo- 
cytes. The histopathologic changes were demonstrable in some animals within 
24 hours of inoculation, apparently were maximal 72 hours after induction of 
infection (at which time they were seen in the hearts of all nine rabbits studied), 
and thereafter healed in the course of the following 2 weeks. The extent of 
involvement was variable, and with healing the necrotic areas were replaced 
by fibrous tissue. 
When  intradermal  infections with  the  same  organisms were  produced in 
rabbits, cardiac lesions, indistinguishable from those observed in the pharyn- 
geally infected group, appeared in a much smaller number of animals. 
The hearts of five of six rabbits sacrificed a  month or more following the 
last of a  series of streptococcal pharyngeal infections exhibited lesions char- 
acterized chiefly by fibrosis,  although mononuclear cellular infiltrations were 
also noted. In these repetitively infected animals the presence  of occasional 
multinucleated giant cells and a  few small foci of calcification were features 
not encountered in the single infection group.  In a  second series  of rabbits 
sacrificed 3  days after the last of three pharyngeal infections with different 
strains of streptococci, acute as well as more chronic changes were observed. 
In none of the lesions in rabbits subjected to single or multiple streptococcal 
infections were bacteria demonstrable, either in histologic sections or in cul- 
tures of myocardial tissue. 
A large number of control animals was studied concomitantly, and in only 186  MYOCA1LDITIS  AFTER  STREPTOCOCCAL  PHARYNGEAL  INFECTION 
one instance was a  lesion,  considered comparable  to  those described in  the 
streptococcal series, encountered. 
The implications of these findings, particularly in terms of the non-suppura- 
tive sequelae of streptococcal infections in man, are discussed. 
The authors are indebted to Mrs. Yvonne Higgins  and Mrs. Barbara Williams for mak- 
ing the histologic  sections. 
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EXPLANATION OF PLATES 
All of the photomicrographs  are from the hearts of rabbits subjected to pharyngeal 
infections with group A streptococci. The photographs were made in the Department 
of Pathology by the authors. 
PLATE 6 
FIG. 1.  Myofiber necrosis in a rabbit sacrificed 3 days after a single inoculation. 
Most of the sarcoplasm  of the central myofiber has disappeared,  and the enclosing 
membrane  has collapsed. The inflammatory  cell response is non-granulocytic.  Hema- 
toxylin and eosin. ×  600. 
FIG. 2.  Histiocytes  and Anitschkow myocytes at a site of myocardial necrosis in 
another singly infected  rabbit sacrificed 3 days after inoculation.  Hematoxylin and 
eosin.  ×  500. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 103  PLATE  6 
(Glaser et al.: Myocarditis after streptococcal pharyngeal infection) PLATE  7 
Fro. 3.  Higher magnification of Anitschkow myocytes and other cells at a  site of 
myocardial necrosis in another singly infected rabbit. Hematoxylin and eosin. X  2100. 
FIo. 4.  Mitotic figure indicating cellular proliferation at  the  site of myocardial 
necrosis in  a  singly infected rabbit. Phosphotungstic acid-hematoxylin.  X  2700. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 103  PLATE  7 
(Glaser et al.: Myocarditis after streptococcal pharyngeal infection) PLATE 8 
FIG.  5.  Non-granulocytic inflammatory cells  surrounding small blood vessels  in 
the heart of a singly infected rabbit. Note that only the adventia is involved. Hema- 
toxylin and eosin.  ×  400. 
FIG. 6.  Area of myocardial scarring around blood vessels  in a  multiply infected 
rabbit.  Hematoxylin and  eosin.  X  100. 
FIo. 7.  High magnification of an area of fibrous tissue replacing myocardium in 
another multiply infected rabbit. Hematoxylin and eosin.  X  1500. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 103  PLATE  8 
(Glaser el al.: Myocarditis after strel)tococcal pharyngeal infection) PLATE 9 
FIG. 8.  Portion of ventricular endocardicum from a  repetitively infected rabbit. 
Numerous  multinucleated giant cells and histiocytes can be seen.  Phosphotungstic 
acid-hematoxylin. ×  800. 
FIG. 9.  Cytological details of the lesion shown in Fig. 8. In the center is a multi- 
nucleated giant cell with large hyperchromatic nuclei and basophilic cytoplasm. Phos- 
photungstic acid-hematoxylin. ×  2000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 103  PL.'~TE  9 
(Glaser et al.: Myocarditis after streptococcal pharyngeal infection) 